Background {#Sec1}
==========

Varicocele is a condition characterized by dilated, tortuous veins within the pampiniform venous plexus of the scrotal sac. It is a fairly common condition, accounting for 35% of men with primary infertility and 75--81% of men with secondary infertility \[[@CR1]\]. It is clearly established that presence of varicocele is associated with an increased risk of alteration of sperm parameters, although the mechanisms have not yet been fully described , it is likely to be multifactorial. Recent studies showed that it resulted mainly in higher levels of reactive oxygen species (ROS) \[[@CR2]--[@CR4]\]. This excessive ROS is associated with sperm DNA fragmentation, which may mediate the clinical manifestation of poor sperm function and fertilization outcome related to varicocele \[[@CR5], [@CR6]\].

For Shiraishi K. et al. the oxidative stress is due to the increased scrotal temperature and not directly associated to varicocele grade, causing a disturbance of the oxidative stress scavenging system in infertile men with varicoceles \[[@CR7], [@CR8]\].

Two meta-analyses showed that semen improvement is usually observed after surgical correction \[[@CR9], [@CR10]\] and that varicocelectomy can reverse sperm DNA damage \[[@CR11]\].

The sub-inguinal microsurgery (SIS) is the treatment of reference as it shows lower rates of relapse, and does not expose to vital complications \[[@CR12]\]. In recent years, a new radiological technique, called percutaneous embolization (PE) was put forward as a non-surgical alternative. However, so far, there is a paucity of comparative studies the literature between these two techniques \[[@CR13], [@CR14]\]. Therefore, the question of which procedure (PE or SIS) is more effective remains debated. Moreover, surprisingly for these mini-invasive procedures, no comparative study analyzed postoperative morbidity, pain and recovery.

Considering this ongoing controversy, we aimed at comparing prospectively the both procedures regarding reproductive outcomes as well as functional results.

Methods {#Sec2}
=======

We prospectively analyzed preoperatively and post-operatively (at 1, 3, 6, 9 and 12 months) patients with clinical varicocele, alteration of semen parameters and infertility, undergoing either procedure (Microsurgery in 49 cases and Embolization in 27 cases) Outcome measures were: semen parameters, pregnancies, pain, side effects, recovery time and overall satisfaction. Subsequently, all patients were contacted by telephone in January 2015 (with a median delay of 4 years after the procedure) in order to determine the reproductive events.

A prospective series of patients treated for varicocele at the University Hospital of Toulouse, between January 2007 and December 2013 was assessed. Inclusion criteria were: 1) clinical varicocele; 2) couple infertility for at least one year, 3) at least one abnormal semen parameter confirmed by two semen analyses within an interval of three weeks, 4) absence of other contributing male risk factors and 5) female partner considered fertile at the date of evaluation. Azoospermic patients were excluded from this study.

The decision to treat was taken by an andrology committee, including urologists, andrologists, gynecologists and biologists. The choice of the technique was left to the patient after clear and comprehensive information on the advantages and complications of each. It is important to note that the two procedures being equally covered by the French healthcare system, financial issues did not play a part in patient's decision.

All Patients underwent a pre-operative assessment including clinical history, physical examination, hormonal screening and a scrotal doppler ultrasonography (DUS). Varicocele was classified as: Subclinical if detected only by DUS, Grade 1 if the varicocele was palpable during Valsalva maneuver, Grade 2 if it was palpable at rest and Grade 3 if it was visible and palpable at rest, according to the Dubin grading system \[[@CR15]\]. Parameters noted at DUS were the size of varicocele, and the length of reflux following Valsalva maneuver (cutoff at 2 s).

Patients had at least two preoperative semen analyses, performed according to the World Health Organization references guidelines for semen analyses \[[@CR16]\]. It is important to note that as the study ran between January 2007 and December 2013, two WHO values for semen analysis were used.

Normality of karyotype and/or microdeletion of the Y chromosome were verified when indicated (karyotype if count \<5 million/ml and microdeletion in chromosome y if \< 1 million/ml on at least 2 exams). Finally, among the 76 included patients, 49 (64.5%) underwent SIS (Group 1) and 27 (35.5%) PE (Group 2). All SIS were performed by the same specialized urologist. Embolizations were realized by two interventional radiologists using the same technique.

All patients were assessed at 1 month postoperatively. Semen analyses were performed at 3, 6, 9 and 12 months. The parameters analyzed were: total sperm count, progressive motility 1 h following ejaculation, vitality, normal forms: according to the classification of David \[[@CR17]\], and total motile sperm count (TMSC).

Finally, we approached the patients on January 2015 to reply to a phone questionnaire to evaluate: a) patient-physician relationship, b) postoperative complications, c) treatment impact on daily life following the procedure, d) duration of work absence, e) postoperative pain. The questionnaire was reviewed and approved by the Toulouse committee for person protection in biomedical research.

The patients being followed as couples in our fertility center, the data concerning spontaneous pregnancy was retrieved from patient's medical file. Pain was assessed using an analogic scale (1 meaning a mild postoperative pain and 5 a severe pain).

Statistical analysis {#Sec3}
--------------------

Descriptive statistics were performed for semen health parameters at the 3, 6, 9 and 12 month stages. A Chi-square test was used to examine the association between techniques (SIS and PE), side of the varicocele, type of infertility and grade of varicocele. A paired T-test or Wilcoxon test was performed to assess the evolution of sperm quality between the pre-operational level and the 3, 6, 9 and 12 month review. A Student T-test or Mann-Whitney test was used to compare the outcomes between both treatments at each moment (0, 3, 6, 9 and 12 months). ANOVA was performed on postoperative semen parameters (with logarithmic transformation when needed) to assess global difference between both treatments.

All tests were 2-sided, and no adjustment for multiple comparisons was made. *P-values* \< 0.05 were considered statistically significant. Analyses were performed using Stata software (version 12; Stata Corp., College Station, Tex).

Results {#Sec4}
=======

Preoperatively, there was no significant clinical or biological difference between both groups. Primary infertility was the most common type of infertility, in89.8% of Group 1 (44 patients) and 88.8% of Group 2 (24 patients). The varicocele was limited to the left side in the majority 83.6% of Group 1 (41 patients) and 100% of Group 2; (27 patients), only 8 patients (16.3%) were treated bilaterally, by SIS in all the cases. In group 2, no patient had right side varicocele. The varicocele grades were as follows: 12% grade 1(9 patients), 26% grade 2 (20 patients) and 62% grade 3(47 patients).

On the whole series, compared to the preoperative semen analysis, there was a significant improvement of sperm count at 3, 6, 9 and 12 months postoperatively (*p* = \<0.001, \<0.001, 0.012, 0.018 respectively) and a significant increase in sperm progressive motility only at 6 months (*p* = 0.002). The TMSC was significantly improved at 3, 6, 9 months (*p* = \<0.001, \<0.001, 0.012 respectively). No significant change in vitality or in the percentage of normal forms was noted (Table [1](#Tab1){ref-type="table"}).Table 1Evolution of semen parameters on the overall populationDescriptionPre-op^a^3 months6 months9 months12 monthsLast exam^b^Abstinence delay(day)(n)\
(p, Wilcoxon)3.8 ± 0.8 (75)3.8 ± 1.0(68)\
0.2463.7 ± 0.9(48)\
0.5433.7 ± 0.7(27)\
0.1154.0 ± 2.4(29)\
0.8153.7 ± 1.7(73)\
0.221Semen volume (ml)\
(p, Wilcoxon)4.3 ± 1.8 (75)4.0 ± 1.7(68)\
0.6704.5 ± 2(48)\
0.0854.1 ± 2(27)\
0.7753.8 ± 1.9(29)\
0.4944.5 ± 2.0(73)\
0.457Sperm count x10^6^/ml(n)\
(p, Wilcoxon)7.1 ± 10(75)12.3 ± 13.6(68)\
\<0.00110.2 ± 9.8(48)\
\<0.00112.6 ± 14(27)\
0.00311.2 ± 12.6(29)\
0.01812.4 ± 13.2(73)\
\<0.001Motility%(n)\
(p, t-test)22.7 ± 11.2(70)24.9 ± 13.6(67)\
0.18627.4 ± 13.5(48)\
0.00222.4 ± 12.5(27)\
0.21520.8 ± 13.2(28)\
0.63125.7 ± 14.8(72)\
0.048Vitality%(n)\
(p, Wilcoxon)60.3 ± 14.7(70)57.8 ± 17(65)\
0.90657.9 ± 17.7(48)\
0.47251.6 ± 17.4(27)\
0.55855.1 ± 20.3(28)\
0.90458 ± 18.9(71)\
0.490Normal forms^c^%(n)\
(p, Wilcoxon)5.7 ± 9.4(39)7.4 ± 7.6(35)\
0.0724.4 ± 4.1(30)\
0.7764.9 ± 5.3(15)\
0.77710.8 ± 8(12)\
0.1768.5 ± 12.2(40)\
0.840TMSCx10^6^(n)\
(p, Wilcoxon)6.7 ± 9.9(73)14.3 ± 18.74(67)\
\<0.00113.8 ± 15.9(48)\
\<0.00112.3 ± 17.6(27)\
0.00410.1 ± 15.1(28)\
0.24810.2 ± 13.9(39)\
0.100^a^Pre operative values^b^Represents the mean of the last semen analysis available for each patient^c^The Classification of David was used to evaluate normal formsThe mean of each value is reported +/- SDReported data are rounded up

There was a significant higher sperm concentration at 6 months postoperatively in group 2 (13.42 ×10^6^/ml, vs. 8.09 ×10^6^/ml; *p* = 0.043) using the Mann Whitney test) (Table [2](#Tab2){ref-type="table"}). This difference still persisted in ANOVA on logarithmic transformation of sperm concentration at 6 months (*p* = 0.01), and on the 3-9 months period (*p* = 0.040). There was however no significant difference in other post-operative sperm parameters between the two groups (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"})Table 2Sperm count and motility: surgery vs. embolizationSperm countx10^6^/mlSurgeryEmbolizationP-value Mann-WhitneyMotility%SurgeryEmbolization*P*-value\
t-testPre-op (n)6.2 ± 10.7 (48)8.6 ± 8.6 (27)0.070Pre-op (n)22.4 ± 12.7(45)23.3 ± 7.8 (25)0.7483 months (n)10.3 ± 12.5 (43)15.6 ± 14.9 (25)0.1123 months (n)25.9 ± 13.7(42)23.3 ± 13.6 (25)0.4576 months (n)8.1 ± 9.3 (29)13.4 ± 9.9 (19)0.0436 months (n)27.2 ± 14.4(29)27.6 ± 12.4 (19)0.9169 months (n)12.0 ± 15.8 (13)13.1 ± 12.7 (14)0.5449 months (n)24.2 ± 10.8 (13)20.6 ± 14.2 (14)0.46812 months (n)9.4 ± 12.1 (18)14.0 ± 13.4 (11)0.12612 months (n)21.7 ± 13.9 (17)19.5 ± 12.6 (11)0.676Last exam^a^(n)11.2 ± 12.8 (46)14.3 ± 13.7 (27)0.183Last exam(n)26.6 ± 15.3 (45)24.4 ± 14.0 (27)0.536The mean of each value is reported +/- SDReported data are rounded up^a^Represents the mean of the last semen analysis available for each patient Table 3Vitality and normal forms: surgery vs. embolizationVitality%SurgeryEmbolization*P*-value\
Mann-WhitneyNormal Forms^b^%SurgeryEmbolization*P*-value\
Mann-WhitneyPre-op (n)62.3 ± 14.0 (45)56.7 ± 15.6 (25)0.063Pre-op (n)6.4 ± 10.9 (25)4.3 ± 5.9 (14)0.4883 months (n)60.7 ± 14.2 (40)53.2 ± 20.9 (25)0.1313 months (n)6.1 ± 6.4 (22)9.6 ± 9.2 (13)0.2446 months (n)59.9 ± 14.6 (29)54.8 ± 21.7 (19)0.5486 months (n)4.1 ± 4.3 (20)4.9 ± 3.7 (10)0.4139 months (n)54.5 ± 12.5 (13)49.0 ± 21.0 (14)0.6989 months (n)6.3 ± 2.9 (7)3.8 ± 6.8 (8)0.04112 months (n)54.3 ± 22.9 (17)56.4 ± 16.6 (11)0.72412 months (n)10.9 ± 9.6 (8)10.8 ± 4 (4)0.733Last exam^a^ (n)58.1 ± 18.6 (44)57.8 ± 19.7(27)0.844Last exam(n)6.7 ± 7.1(27)12.2 ± 18.7 (13)0.393The mean of each value is reported +/- SDReported data are rounded up^a^Represents the mean of the last semen analysis available for each patient^b^The Classification of David was used to evaluate normal forms Table 4TMSC: surgery vs. embolizationTotal motile sperm count x10^6^(TMSC)SurgeryEmbolization*P*-value Mann-WhitneyPre-op (n)5.7 ± 10.3 (48)8.5 ± 9.2 (25)0.2633 months (n)11.9 ± 15.8 (42)18.4 ± 22.6 (25)0.1716 months (n)10.5 ± 13.2 (29)18.7 ± 18.7 (19)0.0799 months (n)13.4 ± 22.2 (13)11.2 ± 12.6 (14)0.76012 months (n)8.1 ± 10.5 (17)13.1 ± 20.5 (11)0.401Last exam^a^ (n)9.1 ± 11.1 (22)11.5 ± 17.1 (17)0.745The mean of each value is reported +/- SDReported data are rounded up^a^Represents the mean of the last semen analysis available for each patient

All patients responded to the telephone contact survey. The majority of individuals in both groups were satisfied about the amount and content of information given preoperatively (82% in Group 1, vs.74% in Group 2; *p* = 0.778).

Three patients in Group 1 had a post-operative complication (skin infections in 2 cases and scrotal hematoma in 1 case) and none in Group 2 (*p* = 0.549). Patients undergoing percutaneous embolization reported a faster recovery time with a total number of patients requesting a sick leave significantly lower in Group 2 (57% in Group 1 vs. 25% in Group 2; *p* = 0.002); and neither group reported any negative impact on sports activity The percentage of patients in Group 1 with a pain level above 2/5 was significantly higher than in Group 2 (44% in Group 1, vs. 22% in Group 2; *p* = 0.007), and there were no patients with pain level above2/5 in Group 2. Concerning spontaneous pregnancy, both groups had similar pregnancy rates (36.7% Group 1 vs. 33.3% Group 2; p-value = 0.778), the event occurring after a mean delay of 6.4 months. The Overall satisfaction about the treatment and post-operative care was not different in both groups (80% Group 1, vs. 77% in Group 2; *p* = 0.877) (Table [5](#Tab5){ref-type="table"}).Table 5postoperative comparison surgery vs. embolizationSurgeryEmbolization*P*-valueComplications (n)3^a^00.549Pain (mean/5)2.11.50.034Sick leave (mean days)6.81.50.002Satisfaction (mean/5)4.54.60.877Pregnancy (n)18(36.7%)9(33.3%)0.778Reported data are rounded up^a^Wound infection in 2 cases and scrotal hematoma in 1 case

Discussion {#Sec5}
==========

In 2006, Evers and Collins published a famous meta-analysis in the Cochrane database, indicating the discredit on varicocele repair \[[@CR18]\]. This meta-analysis included 7 randomized control trials. The judgment criterion was the birth rate. Based on a non-significant difference in birth rate between the two groups (22% in the treatment group, vs.19% in the control group), the authors concluded that "There is no evidence that treatment of varicocele in men from couples with otherwise unexplained subfertility improves the couple\'s chance of conception". Following this publication, several societies, including the European Association of Urology (EAU) revised their guidelines, considering: Treatment of varicocele to achieve pregnancy in infertile couples remains controversial and all studies to date have been subject to criticism \[[@CR19]\].

However, critical analysis of the included studies pointing out several biases, notably that infraclinical varicoceles and patients with normal semen parameters were included. Since that time, several meta-analyses, excluding the biased studies \[[@CR20]\] or including complementary data from good quality observational studies \[[@CR10]\] have been published, showing a significant improvement in the pregnancy rate.

Finally, a new randomized controlled trial including 148 infertile men with a clinical varicocele, and altered semen parameters was published by Abdel-meguid et al. \[[@CR21]\] They observed a significant difference in favor of varicocele treatment (OR =3.04 (1.33-6.95)). Subsequently, Baazzem et al. published a new meta-analysis that found an OR at 2.69 (1.16 -- 6.24) between varicocele treatment and surveillance \[[@CR9]\]. They also clearly highlighted the impact of varicocele treatment on all semen parameters (compared to controls, OR = 12.3 (9.45 -- 15.19) for sperm concentration, 0.86 (7.07 -- 14.65) for total motility, 9.69 (4.86 -- 14.52) for progressive motility \[[@CR5]\]. This positive impact of varicocele treatment on semen parameters has been supported by two recent meta-analyses \[[@CR22], [@CR23]\]. Moreover, Baazzem et al. included in their study new interesting end points that were not analyzed previously, and that were improved following the treatment (oxidative stress, sperm DNA damage, sperm ultrastructure) \[[@CR5]\]. In conclusion, the benefits of varicocele treatment seem much more evident than in the last decade. Considering the quality of studies rendered so far, it seemed difficult to come up with a definite conclusion, the last meta-analysis from the Cochrane (2012) finally favored treatment, with a combined OR 2.39 (95% CI 1.56 to 3.66), and a calculated number of patients needing to be treated for an additional beneficial outcome of 7 \[[@CR24]\].

Concerning the techniques of varicocele treatment, recent comparisons figure that sub-inguinal microsurgical technique is the treatment of choice, allowing the lowest recurrence rate (0.8 to 4%), without exposing to severe complications, \[[@CR12], [@CR22]\] recommending it also as first line treatment \[[@CR25]\]. Shiraishi et al. compared the results and complications of retroperitoneal, microsurgical subinguinal, and high inguinal approaches in the treatment of varicoceles \[[@CR26]\], and concluded that significant postoperative improvements in sperm concentration and motility were observed after all approaches, but results were observed sooner and showed higher sperm concentration and motility after the use of the microsurgical approaches.

However, data concerning the percutaneous embolization should be regarded cautiously, as they remain scarce. A recent radiological study, without surgical group concluded arbitrarily that "the only situation in which PE has failed to show itself equal or superior to other established techniques is in the case of bilateral varicocele" placing PE as a new gold standard in most cases \[[@CR27]\].

Considering this ongoing debate, our study aimed to compare thoroughly the results of SIS and PE, in order to draw conclusions about how to treat varicocele optimally. In this study, both groups showed a significant improvement in sperm count, sperm progressive motility (only at 6 months) and the TMSC (at 3, 6, 9 months) postoperatively. There was no significant difference according to postoperative semen parameters between the two groups, except a higher sperm concentration at 6 months postoperatively in group 2. However, it must be noted that preoperatively, there was a tendency for a higher sperm concentration in group 2 (8.63 ×10^6^/ml, vs. 6.23 ×10^6^/ml in group 1). In addition, the postoperative TMSC which is a parameter well correlated with fecundability was statistically non-significant between the both groups at any times. Therefore, our results fully agree with many studies that both the procedures provide similar increase in sperm quality \[[@CR28]\]. Also, studies favoring higher results after SIS than PE only show marginal differences \[[@CR14]\].

Concerning the pregnancy rate, we observed roughly the same result in both groups. Analysis of the literature shows that one third of couples achieve a spontaneous pregnancy which is frequently reported by studies that had sufficient follow-up \[[@CR29]\]. Nevertheless, contrarily to the generally admitted idea that following varicocele treatment, semen improvement occurs progressively during the first year, we observed for all parameters (concentration, motility, vitality, normal forms and TMSC) a sharp rebound at 3 months, followed by a slight decrease but a level at the last analysis remaining higher than preoperatively. Recently Al Bakri *et al* reported similarly, that sperm parameters improve by 3 months following varicocele repair and then no more improvement by 6 months or longer \[[@CR30]\]. The cause of such phenomenon remains unclear.

Concerning post-operative complications, it is difficult to know from the literature the frequency of complications for each procedure, due to heterogeneous report of them (no use of validated classification, difficulty to identify mild side effects, inclusion of recurrence). With only 3 patients reporting mild post-operative complications in group 1 and no one in group 2, we confirm that the two techniques are safe procedures. Our methodology does not enable us to verify if the PE exposes to higher recurrence rates than SIS \[[@CR31]\]. On the other hand, we did not observe that hydrocele is more frequent after subinguinal technique as it is reported in the literature \[[@CR32], [@CR33]\]. Obviously, the number was too low to draw any meaningful conclusions but the key message is that complications are minor and of little consequence with these 2 procedures.

Post-operative pain and its duration seemed less in the PE group, with no patient reporting anything above 2/5 in this group. Many patients in the SIS group describe uncomfortable feeling at the incision site, rather than pain, especially at the end of the day without any evidence of abnormal clinical or radiological examination. Obviously, we found that a pain level above 2 was associated with longer sick leave in the SIS group. Taking this into account, one may argue that patients who care about an expedient recovery may be advised to perform PE rather than SIS; however, it is difficult to recommend it as the consumption of analgesia was not assessed.

Overall satisfaction was high in both groups concerning the pre-operative information as well as post-operative outcomes. This high satisfaction may be understood, for the preoperative assessment, by the systematic discussion with the couple of the two modalities of treatment, together with the use of an informational booklet written by the French Urology Association, and the fact that the patient participated in the choice of treatment.

For the postoperative assessment, satisfaction may reflect the occurrence of a pregnancy without need of assisted reproductive techniques (ART) for one in 3 patients, and in the absence of pregnancy, the mini-invasiveness of treatments, together with an improvement of semen quality that may have a positive impact on the outcome of ART \[[@CR34]\].

There were however a few limitations that must be noted when interpreting our results, mainly the small sample size, the fact that these data come from only one center, the absence of randomization of treatment and subjectivity of phone interview questionnaire. Qualitative results must always be interpreted with caution. Pain endurance, pain intensity, what one individual considers a hindrance to activity and return to normal life are all eminently subjective variables.

It is also important to note that 8 patients (16.3%) underwent bilateral SIS while all PE were left sided. This difference may affect the comparability and interpretation of our results.

Another difficulty comes from patient's compliance to perform a semen collection at all the designated times. One in three patients only achieved the one-year full protocol, and we had difficulties to collect the semen analysis at 9 and 12 month. To deal with this issue, we created the variable "last analysis", meaning the last semen analysis performed for each patient, but obviously, interpretation of results should again be viewed with caution as it renders difficult to analyze precisely fluctuations within the study period.

Our study does not compare the two techniques from a medico-economic point of view. Many studies have shown that in various medical systems, varicocele surgery is more cost effective than assisted reproduction techniques \[[@CR31], [@CR35]\]. However, we found that it was not valuable to compare the two techniques, taking into account that costs are greatly dependent from one country to another. It must be noted, however, that the 2 techniques are always performed in outpatient day-care, and thus, there is no obvious difference in hospitalization cost between the PE and SIS \[[@CR33]\].

Conclusion {#Sec6}
==========

The treatment of clinical varicocele for infertile men, either by sub-inguinal microsurgery approach or percutaneous embolization shows globally equivalent outcomes, notably in terms of sperm quality, pregnancy rate and satisfaction. However, after PE recovery time is faster and pain is less than sub-inguinal microsurgery. These results confirm that PE is a safe and efficient alternative to SIS. Considering the various limitations of our study, we cannot go further into recommendations, and so far, both options can be chosen freely according to surgeon experience and patient preferences. Further studies are strongly recommended in the field with larger sample size to ascertain conclusions drawn from this study.
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